Introduction
Abies pindrow Royle (Pinaceae), commonly known as "West Himalayan Fir", is found mainly in Himalayas deciduous forests from Afghanistan to Nepal and all over the Western Himalaya (Asolkar et al., 1992) . The plant has been used traditionally as expectorant, bronchial sedative, decongestant, anticatarrhal, antiseptic, antispasmodic and carminative (Khare, 2007) . It also has bronchodilator, headache relieving and antiperiodic activity (Chopra et al., 1956 ). The powder of leaves is used as a remedy for fever and juice is employed as a tonic in parturition (Nadkarni, 1996) . Apart from its leaves, the bark is also used as a remedy in cough and bronchitis (Radha et al., 2013) .
Different studies have evaluated A. pindrow for the presence of antioxidant, broncho-protective, anti-ulcerant, analgesic, anti-inflammatory, hypotensive (Majeed et al., 2013) and anxiolytic activities (Kumar et al., 2000) .
Phytochemical studies revealed that the plant contain phenols, flavonoids, terpenoids, steroids and glycoside.
Stem of A. pindrow contains phytochemicals like hydroxylflavanone, gluco-pyranoside and chalcone-glycoside. Whereas, leaf contains bioflavonoids, flavornoids, pindrolactone, pentacyclic triterpenoids, phenolic compounds, pinitol and carbohydrates. It also contain saturated and unsaturated fatty acids with isopalmitic acid as the most prominent saturated fatty acid and oleic acid as the principal unsaturated acid and someother important hydrocarbons includes 1-octadecene and 1-docosene (Majeed et al., 2013) .
Despite of medicinal importance of A. pindrow in traditional practice, no scientific data are available regarding to its effectiveness in gut motility and airways disorders. The present study on the crude extract of A. pindrow was conducted to validate these traditional uses and to explore mechanistic basis for these medicinal uses.
Preparation of crude extract
Extract was prepared by clod maceration as previously followed by (Qureshi et al., 2015) . 400 g of powdered leaves were soaked in 70% aqueous-methanolic solution and kept for 7 days at room temperature with occasional shaking. Filtration was done by using the muslin cloth and subsequently by Whatman No. 1 filter paper. Thereafter, the filtrate was evaporated using a rotary evaporator, stabilized at a reduced pressure (-760 mmHg) and temperature (40-45°C) until a thick mass was formed. The concentrate was then transferred to glass bottle stored in refrigerator (-20°C) until next use.
Preliminary phytochemical analysis
Qualitative phytochemical analysis of extract was done for the presence of alkaloids, anthraquinones, coumarins, saponins, and tannins as described previously (urRahaman et al., 2013) .
Chemicals
Research grade chemicals were used for experimental work. Acetylcholine chloride, carbamoyl-choline chloride and verapamil hydrochloride (Sigma-Aldrich Co.St. Louis, MO, USA), calcium chloride, glucose, methanol, magnesium chloride, magnesium sulphate, potassium chloride, potassium dihydrogen phosphate, sodium bicarbonate, sodium dihydrogen phosphate and sodium chloride (Mereck Darmstadt, Germany) were purchased from authentic sources.
Preparation of solutions
Stock solutions (10 -2 M) of standard drugs (acetylcholine, carbachol and verapamil) were prepared in distilled water and stored at -20°C. All the physiological solutions (Tyrode's, Kreb's, Tyrode's rich and Tyrode's normal solution), dilutions of standard drugs from their respective stock solutions and of extract were prepared freshly on the same day in the distilled water.
Animals
Locally breed rabbits (weighing 1-1.5 Kg) of either sex were used for study, acclimatized at room temperature (23-25°C) for a week in the animal house of The University of Lahore, Lahore before experimental work, provided with standard diet and tap water. Animals decapitated by blow behind the neck, were subjected to starvation for 24 hours prior to dissection but were given free access to water. Experimentation was carried out in accordance to the guidelines by Institute of Laboratory Animal Resources, Commission on Life Sciences, National Research Council (ILAR, 1996) , as approved by the ethical committee of The University of Lahore, Lahore, Pakistan.
In vitro experiments
All the in vitro experiments were performed as per protocols previously described by (Chaudhary et al., 2012) .
Rabbit jejunum
Rabbit jejunum was dissected out after decapitation and immersed in Tyrode's solution. Approximately a segment of 2-3 cm clean from mesentery was cut and mounted in tissue organ bath (20 mL), prefilled with physiological solution (Tyrode's solution), sustained at 37°C and continuously aerated with carbogen (95% O2 : 5%CO2). A preload of 1 g was provided to the tissue and equilibrated for approximately 30 min before given any treatment. Then, tissue was stabilized with sub maximal concentration (0.3 µM) of acetylcholine by 3-5 times and subsequent washing with Tyrode's solution until effects of acetylcholine were superimposed. Once the tissue response was stabilized the crude extract was run in cumulative dose fashion to screen the possible gut modulatory effect. Tissue responses were recorded on Lab Chart 7 by using isotonic transducers and Power Lab data acquisition system (26T).
Demonstration of calcium antagonist activity
In order to unveil, whether the relaxant effect of the crude extract was through calcium channel blocking activity, high K + (80 mM) was used. It is well known to depolarize the smooth muscles and generate myocontractions by opening of the voltage gated calcium channels (Nadal et al., 2002 ). An agent inhibiting the contractions produced by the High K + is thought to be a calcium channel blocker (Godfraind et al., 1986) . To confirm the Ca +2 channel blocking activity of the crude extract, calcium concentration response curves were constructed. Tissue was stabilized in Tyrode's solution, which was subsequently substituted with calcium free Tyrode's solution, having EDTA (0.1 mM). Tissue was allowed to suspend for approximately half an hour to remove intracellular Ca +2 from the tissues (Farre et al., 1991) . The solution was replaced with potassium rich and calcium free Tyrode's solution. After constructing two super-imposable calcium response curves on base line, tissue was subjected to incubate with crude extract for 50 min and curves were constructed also in the presence of different concentrations of crude extract, similarly with the case of verapamil, as it was used as positive control.
Rabbit trachea
Rabbit trachea was dissected out after decapitation and immersed in physiological solution (Kreb's solution).
Approximately a segment of trachea containing 2-3 cartilage rings, free from connective tissue was cut. A tracheal strip was made by opening these rings with longitudinal incision on C-shaped cartilage, opposite to the smooth muscle layer. This tracheal strip having central part of smooth muscles sandwich between the cartilage portions on the edges, was mounted in tissue organ bath (20 mL), prefilled with Kreb's solution, sustained at 37°C and continuously aerated with carbogen. A preload of 1 g was given to the mounted tracheal preparation and allowed untreated for 60 min to equilibrate. The tissue response was stabilized with carbachol (1 µM) by 2-3 times with subsequent washing by Kreb's solution. Once the tissue response was stabilized, a sustained contraction was induced by carbachol (1 µM) or High K + (80 mM) and challenged with the extract in cumulative dose fashion, to observe the possible broncho-relaxant effect of crude extract. Similarly in the case of verapamil, as it was used as positive control. Tissue responses were recorded on Lab Chart 7 by using isometric transducers and Power Lab data acquisition system (AD Instruments, Sydney, Australia, 26T)
Statistical analysis
All the data were expressed as mean ± standard error mean (SEM). Median effective concentrations (EC50 values) are given with 95% confidence intervals (CI).
Results
The tests were performed for the presence of different chemical constituents in the crude extracts of A. pindrow leaves and the results are shown in Table I .
When treated spontaneously, a concentration (0.01-10 mg/mL) dependent spasmolytic effect of crude extract was observed in isolated rabbit jejunum ( Figure 1A ), similar to verapamil (0.01-3 µM) with EC50 value of 1.2 mg/mL (95% CI, 0.5-2.8, n=3) and 0.6 µM (0.3-1.3, n=5) ( Figure 1B) . Crude extract also concentration dependently relaxed high K + (80 mM) and carbachol (1 µM)-induced contracted rabbit jejunum, at the dose of 3 mg/ mL and 10 mg/mL with EC50 value of 0.5 mg/mL (0.4-0.6, n=4) and 1.2 mg/mL (0.6-2.3, n=4) (Figure 2A ), similar to verapamil at 3 and 5 µM with EC50 value 0.1 µM (0.1-0.2, n=4) and 0.4 µM (0.4-0.5, n=4) ( Figure 2B ), respectively. Crude extract shifted calcium concentration response curves towards right in concentration dependant manner (0.1-0.3 mg/mL) ( Figure 3A ), similar to verapamil (0.03-0.1 µM) as shown in Figure 3B .
When tested on isolated rabbit trachea, crude extract caused concentration dependent inhibition of high K + and carbachol-induced contractions and completely relaxed tracheal tissue at the dose of 3 mg/mL and 10 mg/mL with EC50 value of 0.6 mg/mL (0.5-0.8, n=5) and 1.5 mg/mL (1.02-2.3, n=4) ( Figure 4A ), similar to verapamil at 3 and 5 µM with EC50 value of 0.2 µM (0.1-0.2, n=3) and 0.7 µM (0.6-0.9, n=3) ( Figure 4B ), respectively.
Discussion
As per its folkloric repute in GIT and airways disorders (Khare, 2007) , the crude extract of A. pindrow was pharmacologically investigated on isolated tissue preparations to authenticate its medicinal uses and (Yasin et al., 2014) . A. pindrow is known for its tradition-al uses as anti-diarrheal remedy (Awan, 1960) . So, crude extract was tested for its possible spasmolytic effect on spontaneously contracting jejunum and a concentration dependent (0.01-10 mg/mL) spasmolytic effect was observed. The contractions of smooth muscle preparations rely directly upon the increase in intracellular Ca 2+ . This augmentation in the level of intracellular Ca 2+ is due to either inrush of Ca 2+ through voltage gated L-Type calcium channels or discharge from sarcoplasmic reticulum (Berridge et al., 2003) . However, spontaneous movements of the intestine are modulated through cyclic depolarization and at the peak of depolarization, action potential represents itself as brisk-inrush of the calcium through L-type calcium channels (Brading, 1981) .
Since, crude extract showed spasmolytic effect that is similar to verapamil, a calcium channel blocker (Michael and Hoffman, 2011) . In our previous studies, involvement of calcium channel blocking activity was observed as underlying cause of spasmolytic effect of crude extract (urRahaman et al., 2013; Chaudhary et al., 2012) . To explore possible mechanisms behind spasmolytic effect, high K + (80 mM) and carbachol (1 µM)-induced contraction on isolated rabbit jejunum were challenged with the extract. The crude extract completely relaxed high K + -induced contractions at (3 mg/mL) earlier concentration than carbachol-induced contraction (10 mg/mL), a typical characteristic of pure calcium channel blocker (Ahmed, 1992) , similar to verapamil (3 µM). It is well established that K + at higher concentration (>30 mM) is known to induce smooth muscle contraction via opening of L-type calcium channels that results in the inrush of extracellular calcium (Bolton, 1979) . Any agent that inhibits high K + -induced contraction is considered to be the calcium channel blocker (Godfraind et al., 1986) .
The presence of calcium channel blocking constituent(s) in crude extract was further strengthened, when a rightward shift was observed in the calcium concentration response curves in the presence of crude extract (0.1-0.3 mg/mL), similar to verapamil (0.03-0.1 µM). Since control of GI smooth muscles is largely dependent on intracellular calcium concentration and this increased intercellular calcium stimulates the GI motility that can lead to diarrhea (Trevor et al., 2010) . So, a calcium channel blocker can be useful in hyperactive gut disorders, like diarrhea (Keith et al., 2011) . The presence of calcium channel blocking activity in crude extract may give the possible explanation for traditional use of plant in diarrhea.
Based upon the folkloric repute of A. pindrow in respiratory ailments, the crude extract was further investigated for its possible bronchodilator effect (Chopra et al., 1956 ). The crude extract, concentration dependently, inhibit high K + or carbachol-induced contraction in isolated tracheal preparations similar to verapamil, revealed the presence of non-specific bronchodilator activity, possibly mediated through calcium channel blockade. Calcium channel blockers have therapeutically potential effect in respiratory disorders (Twiss et al., 2002) . So, the observed calcium channel blocking activity in crude extract may give the bases for the use of A. pindrow as bronchodilator remedy.
Findings of current study validate the traditional uses of A. pindrow in GIT and respiratory disorders and strongly suggest the calcium channel blocking activity as pharmacological basis behind its anti-diarrheal and bronchodilator activity. 
